Vetiver oil (Vetiveria zizanoides) 
INTRODUCTION
Indonesia is the second largest country in the world after Haiti as vetiver oil exporter and the first exporting country after the earthquake in Haiti in 2010. Vetiver root is an annual plant and usually planted with vegetables as intercropping plant such as cabbage, potato, and peanut.
Essential oil, which is also defined as essence, volatile oil, etheric oil or aetheroleum, is a complex mixture of volatile which is regarded as a biosynthesis constituent of plants [1] . The characteristic aroma is resulted from a variety of complex chemical compounds.
The term essential oil is concomitant to fragrance or perfumes because these fragrances are oily in nature and they represent the essence or the active constituents of the plants. They are called volatile or ethereal oils as they evaporate when they exposed to air at ordinary temperatures. Essential oils are highly concentrated, low volume, high value products [2] .
Essential oils can be liberated from their matrix by water, steam and dry distillation [3] [4] . Vetiver oil, which is obtained by steam distillation process from vetiver roots (Vetiveria zizanoides), is widely used for perfumes, cosmetics, fragrance soap, antiinflammatory, insect repellent and insecticidal agents [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Vetiver oil is one of the most important raw materials in aromatic product especially perfumery both as a fixative and fragrance ingredient [17] .
Furthermore, many people are aware of the importance of a healthy life, sustainable land and environment and also promoting the increasing demand of organic product including organic essential oil (aromatic) product. The rate of increase in world demand of organic products is currently accounted for 10-20% per year with the price of organic production of approximately 20-70%, higher than conventional products (non-organic).
The government has long declared "Go Organic Indonesia 2010" and in 2002 had issued guidelines for organic farming by removing the reference to the perpetrator in the form of organic SNI 01-6729-2002 on Organic Food System. However, the current development of organic essential oils in Indonesia has not been optimized.
Currently, organic essential oil products market are more globalized, thus more effort and attention from the manufacturer are required. The market of organic products in the world is still dominated by America and Europe, while countries in Asia and other regions accounted for only about 3%. Along with the increasing global trade, the qualities of essential oil product, such as vetiver oil, are also becoming more important to access export markets.
Therefore, to remain competitive in world markets and to increase the price of vetiver oil, replacing conventional (non-organic) vetiver oil production to organic vetiver oil is needed. The export value of Indonesian essential oils has been moving away from the increasingly volatile world oil imports, which means that the market share in Indonesia has become smaller, for example in 2010 Indonesia's market share is only 1.7%. This suggests that the Indonesia volatile oil market opportunities in international markets are still wide open and the rate of increase in exports of Indonesia volatile oil should be improved. Besides market availability, price of organic essential oil product, including organic vetiver oil, is 20-70% higher than nonorganic product.
In Indonesia, the development of organic essential oil products, especially organic vetiver oil, was implemented in Samarang Garut, as the production center of vetiver oil [18] . Vetiver root planting, which used organic fertilizer from dung of goat and cow, produced the first generation of organic vetiver oil. The quality and quantity of the first generation of organic vetiver oil production had been studied and compared with non-organic vetiver oil. It was produced from vetiver root which its plantation used chemical fertilizer and pesticide. This study included determination and evaluation of yield, Indonesian standard (SNI) parameter, pesticide residue, and chemical composition.
EXPERIMENTAL SECTION Materials
Planting materials: Organic and non-organic vetiver root were obtained from UKM Pulus Wangi Nusantara, which was located in Samarang, Garut, West Java.
Organic vetiver oil was obtained from vetiver root which was planted using organic fertilizer from dung of goat or cow and isolated from other land.
Non-organic vetiver oil was obtained from vetiver root which was planted by farmers using chemical fertilizer and pesticide.
Instrumentation
The instruments used were a set of tools for steam distillation process, SNI test, pesticide residue test, and GC/MS spectrometer. The Indonesian Standard (SNI) test of vetiver oil was determined in Laboratory of Balai Penelitian Tanaman Obat dan Aromatik (Balittro) Bogor using several methods (Table  1) , which were pesticide residue test by GC spectrometry in Chemical Residue Laboratory in Bogor, analysis and identification of chemical composition of vetiver oil by GC/MS in Instrument Laboratory, Department of Chemistry Education, Faculty of Mathematics and Sciences Education, Indonesia University of Education, Bandung.
Procedure

The steam distillation process
The samples (dried vetiver roots) were loaded into steam distillation kettle. The steam distillation process was 20 h with 2 atmospheres pressured for premium quality and 12 h with 5 atmospheres pressured for regular quality. Yield was calculated using the following equation: 
Analysis and identification of chemical composition of vetiver oil by GC/MS spectrometry
In this study, we used Shimadzu QP-2010 S Mass Spectrometer model with EI mode operating at 70 eV under the following conditions: RTX-5 column (30 m length x 0.25 mm ID). Helium Carrier Gas (36 mL/min). Linear velocity, Pressure, and Split Ratio were 27.3 cm/sec, 22.0 kPa, 153.0, respectively. The injector temperature was 310°C, column temperature was programmed at 80°C with 10°C/min and increased to 310°C, 0.55 mL/min of samples were injected (split mode) in the column for 25 min. The components were identified based on library by WILEY7 and NIST08.LIB.
Examined parameters and data analysis
Parameters, which were examined in this study, included yield, SNI parameter, pesticide residue, analysis and identification of chemical composition by GC/MS.
Determination of concentration (v/v) for each component was confirmed using an internal standard (chlorobenzene 10%) from Merck and added to samples using digital micropipette Sibata Digipet 2508-100. Organic and non-organic vetiver oil was produced by steam distillation from organic and non-organic vetiver root, respectively (Fig. 1) . To reduce thermal degradation of sample, steam distillation was set at low pressure [19] [20] . Steam distillation at 2 atmospheres produced clear yellow vetiver oil which was called a premium quality (Fig. 2) and at 5 atmospheres resulted reddish brown vetiver oil which was called a regular (Fig. 3) . The results of vetiver oil distillation were 32.7 kg for premium quality and 12.7 kg for regular quality that were resulted from 8,019 kg dried vetiver root. The quality of organic and non-organic vetiver oil was determined based on the yield, SNI test, pesticides residue, analysis and identification of chemical compounds.
Based on calculations, organic vetiver oil yield was 0.57% that was bigger than non-organic vetiver oil (< 0.50%). Higher yield that was generated indicated that the physical quality of organic vetiver root was better than non-organic vetiver root. It was denser, more appealing, and did not have any black spots (Fig. 4) . SNI test and SNI regulation of vetiver oil are shown in Table 2 . Generally, organic and non-organic vetiver oil fulfilled a national standard, although the content vetiverol of vetiver oil did not meet with SNI regulation. However, the vetiverol of organic vetiver oil was still higher than non-organic vetiver oil (48.71% compared to 42.41%).
Pesticide residues on organic vetiver oil were less than non-organic vetiver oil (Table 3 ). According to Table  3 , the pesticide residues detected in organic and nonorganic vetiver oil were organochlorine and organophosphate groups. The detected organochlorine groups were heptachlorine and dieldrine; with the concentration of 0.014 and 0.004 µL/mL of organic vetiver oil, 0.028 and 0.008 µl/ml of non-organic vetiver oil. The detected organophosphate group was chlorfiriphose with the concentration of 0.004 µL/mL of organic vetiver oil and 0.005 µL/mL of non-organic vetiver oil. Moreover, non-organic vetiver oil contained 0.005 µL/mL fenitrotione. The results were smaller than other agriculture products (SNI Number 7313:2008).
Chemical Composition of Organic and Non-organic Vetiver Oil
Analysis and identification of chemical composition of vetiver oil (Essential oils) were most widely used gas chromatography/mass spectrometry (GC/MS) [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . The chromatograms GC of organic and non-organic vetiver oil are shown in Fig. 3 and 4 , whereas the chemical compositions of organic and nonorganic vetiver oil are shown in Table 4 and 5. According to Table 4 , organic vetiver oil indicated 50 components with the following main components; cyclo-isolongifolene (5.89%), aromadendrene, dehydro (4.29%), khusimene (2.38%), alpha-amorphene (2.09%), and zierone (2.00%). There were 54 components of nonorganic vetiver oil; with the following major components; cyclo-isolongifolene (5.11%), cadinene (4.13%), aromadendrene-dehydro (3.00%), isolongifolene, 4,5-dehydro (2.54%), khusimene (2.46%), and alphaamorphene (2.09%) ( Table 5) .
CONCLUSION
In general, the results of organic and non-organic vetiver oil fulfilled SNI parameter and the quality of organic was better than non-organic vetiver oil. The major components of vetiver oil were cycloisolongifolene, aromadendrene-dehydro, khusimene, alpha-amorphene.
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